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Atom Probe Tomography (APT) is a highly attrac- 
tive technique for the nanoanalysis of geological mate- 
rials despite the difficulties inherent in analyzing semi- 
conducting and insulating materials. A schematic dia- 
gram  of the physics of the three-dimensional atom 
probe  (3DAP) is shown  in Figure 1 [ 11. 

Field ion specimens have  been successfully fabri- 
cated from samples of metamorphic magnetite crystals 
(Fe,04) extracted from a polymetamorphosed, granu- 
lite-facies marble with  the  use  of a focused ion  beam 
(FIB) [2]. This particular magnetite was  chosen  for 
several reasons. First, magnetite is a common  mineral 
on Earth, the Moon and Mars. Second, magnetite  is 
one of the  more conductive of the minerals, having a 
resistivity of 52 x ohm-cm [3]. Finally, this  par- 
ticular  magnetite contains disk-shaped exsolutions ap- 
proximately 40 nm  in diameter, 1-3 nm thick and  about 
lo4 platelets/pm3  which have been  shown by qualita- 
tive energy-dispersive X-ray spectroscopy (EDX) to 
contain elevated concentrations of manganese and 
aluminum [3,4]. These lamellae make  this  magnetite 
particularly attractive for investigating the capabilities 
of 3DAP  for the nanoanalysis of geological materials. 

Figure I :  Schematic diagram of APT nanoanalysis [ I ] .  

Field ion microscope (FIM) images of these mag- 
netite crystals were obtained in  which  the  observed 
size and  morphology of the precipitates agree with 
previous results (Figure 3). This field ion micrograph 
reveals precipitates as thin dark bands.  Two distinct 
{ 1 11 ) crystallographic poles are clearly seen. Two of 
the precipitates seen in the FIM image, Figure 3, were 

also visible in the TEM dark field image, Figure 
taken after field ion evaporation. 
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Figure 2: Focused  ion beam induced, secondary elec- 
tron images of magnetite sample 031300E. a)  Sample 
as mounted with Pt deposition at the base to improve 
electrical connection. b)  Sample after extensive ion 
milling  using various beam currents. 

A limited number (<3000) of ions was  collected  in 
the energy compensated optical position-sensitive atom 
probe (ECOPoSAP), peaks for singly ionized l60, 56Fe, 
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